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Abstract 
In this paper different slot air-diffusers were investigated experimentally. Slot air-diffusers are widely used in several industrial 
and comfort type ventilated spaces. The air velocity and turbulence intensity distribution at air inlet can significantly determine 
the airflow characteristics in the occupied zone that influence thermal- and draught comfort. However, few references can be 
found in the literature investigating air inlet features statistically. 
Air velocity magnitude and turbulence intensity – which significantly determines the airflow characteristics in room – were 
measured along the slot diffuser’s length for three different constructions: 1-line, 2-lines and 3-lines slot diffusers with fixed and 
movable flow straighteners. Results showed that measured quantities belong to normal distribution and the air velocity and 
turbulence intensity distribution shows a nearly homogenous distribution along the slot diffuser’s length.
The measurements were performed at Budapest University of Technology and Economics, in Ventilation Laboratory on full-
scale models for a new product development by an external company. The main aim during the development was to reach a 
homogenous airflow in the occupied zone of the ventilated space where these air-diffusers are built. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction and theoretical background
Slot air-diffusers are widely used in several engineering applications in order to supply primary air into the
ventilated spaces [1, 2]. In HVAC (stands for Heating, Ventilation, Air Conditioning) designing slot air-diffusers are 
mainly used in comfort type ventilated spaces in order to provide a homogenous ventilation with lower draught risk 
[3]. Generally primary air flows out as a plane air-jet from these air-diffusers, which ventilate closed spaces [4]. As a 
result it is important to investigate the slot air diffuser’s main features.
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The most important features of slot air-diffusers are air velocity magnitude (um), turbulence intensity (Tu) and 
aspect ratio (AR) for isothermal air inlet and it is supplemented with air temperature (tm) for non-isothermal case. 
Besides the number of slot lines is also an important parameter. These parameters can significantly determine the 
ventilation characteristics in the occupied zones of ventilated spaces [3].
During the analyzing of air jets injected from slot air-diffusers is a very important question whether the air jet can 
be considered two-dimensional as a boundary condition. The two-dimensionality requires a homogenous or nearly 
homogenous air velocity and turbulence intensity distribution along the slot diffuser’s length [3, 5, 6]. Besides, the 
homogenous airflow right at the air inlet can provide a nearly homogenous air velocity distribution in the occupied 
zone [3].
Nomenclature 
a estimated constant of regression curve 
AR aspect ratio of slot-diffuser, AR = L0/s0
b estimated slope of regression curve 
H height of the slot diffuser’s box
L0 length of the slot-diffuser, mm 
n number of measurement points (sample size) 
p probability level 
P probability 
s0 width of the slot-diffuser, mm 
s standard deviation 
T integrating time 
Tu turbulence intensity of airflow, % 
um air velocity magnitude (time average), m/s 
V volume flow rate of supply air, m3/h
W width of the slot diffuser’s box
Greek symbols 
α significance level 
µ expected value 
ν degree of freedom 
σ variance of the crowd 
τ time 
Air velocity consists of two components, one of these is the magnitude (um) and the other is the time-dependent 
component fluctuating around the magnitude (u’(τ)) [7] as shown on Fig. 1.
Fig. 1. Air velocity as a function of time 
ݑሺ߬ሻ ൌ ݑ௠ ൅ ݑԢሺ߬ሻ (1)
The air velocity magnitude is a time-averaged value, which can be calculated by integrating the time-dependent 
air velocity: 
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Using the measured air velocity data at different points this value is: 
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The scalar value of turbulence intensity for turbulent airflows is: 
ܶݑ ൌ ݑԢሺ߬ሻݑ௠ ή ͳͲͲΨ
(4)
Based on the above the determination of air velocity and turbulence intensity distribution along the slot diffuser’s 
length as a function of flow straightener valve position and number of slot lines is important. Investigation of the air 
velocity and turbulence intensity distribution right at the slot diffuser’s inlet cannot be found in the literature. 
However, some investigations were made using slot as air diffuser. Moureh and Flick [1, 2] and Yu et al. [8]
investigated a slot ventilated space. L Czétány and Z Szánthó [9] made a CFD simulation of airflow in optimized air-
ducts, where the assumption was that the flow leaves the duct through a long slot. T Magyar and R Goda [10] built 
the mathematical model of a slot ventilated space and made suggestions to solve it. 
As there are only a few references investigating slot diffuser, experimental investigation was applied and results 
were evaluated applying mathematical statistics. 
2. Experimental method
2.1. Test facility 
Fig. 2 shows the sketch of the test facility. 
Fig. 2. Sketch of the test facility for 1-line slot diffuser 
The airflow is circulated by a radial fan controlled and supplied by a toroid-coil and flow-control valve. The 
airflow rate in the system is measured by an orifice plate built in the air-duct. Altogether 3 types of slot diffuser are 
used: 1-line, 2-lines and 3-lines slot diffusers with s0 = 20 mm width and L0 = 1000 mm length. The airflow rate was 
100, 200 and 300 m3/h for the three diffusers, so it means 100 m3/h for a slot line. Two perforated flow straighteners 
are built in order to get a homogenous airflow: one of these is in front of the slot box, which can be opened and 
closed. The other is fixed in the H*W sized box’s inside, as shown on Fig. 2. Air velocity magnitude and turbulence 
intensity were measured along the L0 length of the slot diffuser in the symmetry plane (as shown on Fig. 2. A-A
view). The number of measurement points is 35 for all slot lines. The turbulent quantities were measured by hot-
wire anemometer with 180 sec sampling time. The maximum instrument accuracy was 3.4 %, which is under the 
required allowable 5 %. The measurements were performed according to standards [s1, s2, s3]. 
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Boundary conditions for the investigations are: isothermal air inlet; rev of the fan is constant during the 
measurements; slot Reynolds-number is constant Re = 3800; length of each slot L0 = 1000 mm; width of the slots is 
s0 = 20 mm, so the slot aspect ratio AR = L0/s0 = 50 for all slots. 
2.2. Investigation aims 
Using the measured data, aims of the investigations are the following. 
x Test of normality
x Investigating the standard deviations of the measured samples at the slot diffuser’s inlet
x Investigating the effect of flow straightener valve on the measured sample
x Investigating the air velocity and turbulence intensity homogeneity along the slot diffuser’s length
Using these results it can be investigated whether the airflow is homogenous along the slot diffuser’s length to
provide a uniform airflow in the occupied zone where these diffusers will be built. 
3. Evaluate and results
3.1. Test of normality [11, 12]
The test of normality was done with EasyFit Professional 5.5 software [13]. Three test of normality methods were 
applied to investigate the measured data. The null hypothesis is that the measured data (sample) has a normal 
distribution with estimated parameters standard deviation and expected value: 
H0: P(X < x): N(s, μ) (5)
The Kolmogorov-Smirnov, Anderson-Darling and Chi-squared tests gave normal distribution both for the air 
velocity magnitude and turbulence intensity. Table 1 shows the critical values for the three test methods for n = 35 
measurement points at significance level 5 %. 
Table 1. Critical values for test of normality. 
Test name Critical value Degree of freedom
Kolmogorov-Smirnov 0,224 -
Anderson-Darling 2,502 -
Chi-squared 12,6 6
The calculated test-statistics for all cases and measured samples are less, than the critical values given in Table 1. 
Consequently, the normal distribution can be fitted for the samples at a significance level 5 % for all slot-diffusers.
The estimated parameters of the expected value of the sample, and the standard deviation. Table 2 shows the 
estimated parameters of the normal distribution for all quantities and slot diffusers. It is obvious that the normal 
distribution has a very low standard deviation related to the expected value. The difference covers one order of 
magnitude. 
Table 2. Estimated parameters of the normal distribution. 
1 line diffuser 2 lines diffuser 3 lines diffuser
Estimated parameter Opened 
valve
Closed 
valve
1st line 2nd line 1st line 2nd line 3rd line
Expected value of um, m/s 3,28 3,01 2,95 3,28 2,55 3,02 3,55
Standard deviation of um, m/s 0,36 0,31 0,37 0,35 0,50 0,35 0,37
Expected value of Tu, % 1,9 2,2 2,4 2,1 3,7 4,1 2,0
Standard deviation of Tu, % 0,3 0,5 0,4 0,4 0,5 0,6 0,3
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3.2. F-test of the equality of two variances [12, 14]
The F-test was done by Microsoft Excel 2013. This test is suitable to compare the deviations of two samples 
(sample 1 and 2) with each other. It is assumed that the samples are independent from each other and these 
distributions are normal as showed in section 3.1. The null hypothesis is that the variances of the samples are equal, 
therefore: 
H0: σ12 = σ22 (6)
The anti-hypothesis is: 
H1: σ12 ≠ σ22 (7)
The null hypothesis is accepted if the calculated F statistic is less than the critical value at a significance level, 
otherwise the null hypothesis is rejected. In most cases this significance level is recorded to 5 %. The degree of 
freedom for the F-test is ν = n – 1 = 34 both for the two samples, because the number of measurement points are 
equal. In present case the F-statistic is less, than the critical value, which is 1.77 at p = 95 %, ν = 34. It means that 
the null-hypothesis is true at 5 % significance level, so there is no significance difference between the standard 
deviations of the measured samples. In other words, the movable flow straightener valve has no significant effect on 
the standard deviations for the measured quantities for 1 line slot diffuser. As a result the built-in fixed flow 
straightener plate seems to be enough to get a homogenous airflow along the slot diffuser’s length.
3.3. Two-sample t-test [12]
The two-sample t-test is suitable to investigate the expected values of two samples (sample 1 and 2) independent 
from each other, assuming that the two samples have normal or approximately normal distribution as showed in 
section 3. 1. Furthermore it is also assumed that the variances of the two samples are equal or the difference between 
the variances can be neglected. The equality of variances was showed in section 3. 2. The null hypothesis is: 
H0: µ1 = µ2 (8)
The anti-hypothesis is: 
H1: µ1 ≠ μ2 (9)
The null hypothesis is accepted if the calculated t-statistic is less than the critical value at a significance level, 
otherwise the null hypothesis is rejected. In our case the calculated t-statistics are higher than the critical value at p = 
95 %, ν = n – 1 = 34. The null hypothesis is not true, so there is significant difference between the expected values 
of the measured data for 1 line slot diffuser. Consequently, the position of the movable flow straightener has 
significant effect on the air velocity and turbulence intensity distribution’s expected value. 
3.4. Regression analyzing [12]
By applying a regression analyze it is necessary to decide whether the measured air velocity and turbulence 
intensity distribution along the slot diffuser’s length can be considered to constant or not. 
The fitted theoretical regression curve is linear form: 
ݕ ൌ ߙ ൅ ߚ ή ݔ (10)
The null hypothesis is that the slope of the regression curve is zero. 
H0: β = 0 (11)
While the anti-hypothesis is: 
H1: β ≠ 0 (12)
The estimated regression curve is: 
ܻ ൌ ܽ ൅ ܾ ή ݔ (13)
F-test was applied for the regression analyzing at p = 95 %, n = 35 sized sample, the degrees of freedom ν = 1 for
the numerator and ν = n – 2 = 33 for the denominator. Using the estimated parameters of the regression curve the 
calculated F-statistic was less than the critical F-value for all cases, except the 1-line slot diffuser with opened flow 
straightener valve. Slope of the regression curve describes the air velocity and turbulence intensity distribution along 
the slot diffuser’ length is not constant at p = 95 % probability level. In the other cases the null hypothesis is true, so 
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the air velocity and turbulence intensity can be considered constant along the slot diffuser’s length at closed flow 
straightener. 
4. Summary
In this paper three different slot air-diffusers were investigated experimentally on full-scale models. Air velocity
magnitude and turbulence intensity measurement results along the slot diffuser’s length showed that these quantities 
show normal distribution at air inlet. The fixed flow straightener valve has no significant effect on the standard 
deviation of the measured values and the movable flow straightener has no significant effect on the distributions.
The distributions between the three slot lines are homogenous and the air velocity and turbulence intensity 
distribution seems to be constant along the diffuser’s length at a 5 % significance level. The product development 
aims met with the positive results from the point of view of getting a uniform airflow at air inlet. 
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